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ABSTRACT 


The problen of class-teacher-timetabling for a 
university department is examined. A description of the 
present system Zs the Faculty of Business provides insight 
into how the problem is being handled. An examination of 
some of the literature is conducted to determine how the 
problem is being approached elsewhere. Two methods were 
found: algorithmic and heuristic. The advantages and 
disadvantages of both methods are explored. A PL/1 computer 
program was written to provide the human scheduler with a 
practical tool for developing a yearly timetable. This 
program (the FRED system) is a _ heuristic eed of 
developing a timetable and consists of an interactive 
terminal system which allows the human to respond to 
questions from the terminal. The model was then run on a 
small number of courses to determine limitations and 
abilities of the system. The program was designed to be 
"fool proof" and will not abort due to a wrong answer. No 
prior computer knowledge is necessary to operate this 
system. A simple terminal session is included to demonstrate 
some of the capabilities of the system and what questions it 
asks. Final a program listing and variable dictionary is 


included. 
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Chapter 1 


Introduction 


At the University of Alberta the task of developing the 
academic timetable for the school year is the responsibility 
of each Faculty with the aid of the Timetabling Officer in 
the Registrar's Office. The rapid growth of the Business 
School at the University has made the task of producing the 
timetable a major effort. In the Faculty of Business 
Administration and Commerce this procedure has been done 
entirely by hand and only recently has any attempt! been 
made to computerize this process. Therefore the need for 
some research into the area and the development of a 


practical tool was apparent. 


The purpose of this chapter is to introduce the probiem 
as established and to outline the objectives of the 


research. 


The task of developing a timetable for a university 
department has become tedious and frustrating work because 
of the number of variables involved. In simple terms--the 
problem is to assign professors and courses to time slots; 
subject to some criteria one of which is to limit the number 
of conflicts in the students!’ chosen patterns and to achieve 
good classroom utilization. It is not our intention to 


address the question of how the goodness of a timetable is 
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established. A number of criteria exist, however they would 
need to include some consideration of student conflicts. 
These objectives are subject to constraints, some of which 


are unigue to each educational institution. 


The ecm na ne is a list of general constraints which 
apply to most timetabling problems. 

1) No professor can teach more than one class in a 
given time period. 

2) Certain courses must not be taught concurrently to 
avoid conflicts for students. 

3) Certain courses can not be offered in certain time 
periods. This may be because some rocm or piece of 
equipment is not available during these times. 

4) There is an arbitrary limit to the number of 
sections that can be taught concurrently. This is 
necessary to allow an even distribution of classes 
throughout the schedule, and reduces the classroom 


Space needed. 


One of the most comprehensive examinations of the 
timetabling problem was done by A. G. Holtzman? at the 
University of Pittsburgh. Holtzman has developed an 
extensive list of constraints to the timetabling problem in 
general: other than the four listed above, these are not 
directly applicable to the Faculty of Business 
Administration and Commerce at the University of Alberta 
because they are too specific. However an examination of 


Holtzman's work is recommended to the developer of 
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timetabling models because it forms such a broad background. 


The University of Alberta generally recommends the 
scheduling of courses in standard timeblocks of 50 minutes 
in length on Monday, Wednesday, Friday (MWF) and 1 hour 20 


minutes on Tuesday and Thursday (TT). 


In order to develop a yearly timetable the Facuity of 
Business3 and the Registrar's Office have formulated a list 
of conditions specifically for this Faculty. ( The faculty 
has eeeroxtnaeale 55 full time professors, 1500 
undergraduate students and 200 MBA students. In 1971-72 they 
offered 84 courses in 169 sections and in 1972+73 there are 
103 courses offered in approximately 200 sections.) The 
following is a list of these special conditions. 

1) It is preferable that each professor teach a 
maximum of four days a week. 

2) It is desirable but not necessary for classes to 
start or end on the common-block times and 
Similarly to have them conform to the MWF--TT 
pattern. 

3) A professor should have a ratio of three good 
times to one poor time. A poor time is defined as 
8:00 - 9:00 AM MWF; 3:00 - 4:00 PM MWF; 4:00 - 
5:00 PM MWF; 8:00 - 9:30 AM TT; 3:30 - 5:00 PM TT: 

4) The set of course sections a professor must teach 
is given. The number of these varies from 
instructor to instructor. 


5) An attempt is made to schedule single section 
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reguired courses between 11:00 a.m. and 2:00 p.m. 


All of the above conditions involve members of the 
faculty or physical resources such as classrooms and none 
take into consideration the students for whom the timetable 
is being retin: In seme schocls,* but not this one, a 
constraint is introduced to ensure that no student has more 
than a few hours between lectures cr that students who live 
far away from the campus have better timetables because they 


can not go home to study between classes. 


It was decided, however, that with 1500 undergraduates 
enrolled in the Business Administration program, little 
attention could be given to student preferences as to times. 
It is becoming more difficult to accommodate those students 
who desire a special timetable due to a part time job or 
other reasons. Therefore, it was necessary for the Faculty 
to decide that the timetable should ensure that each student 
is not prevented from taking those courses he wishes-- by 
conflicts which exist in the timetable. Cleariy if a student 
wishes to take a group of courses for which he is qualified 
then every effort should be made to make these available to 
him (no consideration can be given with respect to the 
convenience to the student of his timetable although this 


-could be built into the timetable criteria). 


In order to accommodate the need for availability of 
courses a “"reguest matrix" is constructed which indicates 
the number of students requesting each combination of any 


two courses. In this request matrix a course represented by 
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a row is compared with ail other courses represented by the 
columns and the elements of the matrix are the number of 
students enrolled in both the row and the column courses. An 
example of a request matrix is shown in figure 1. The off 
.diagnal elements of the matrix in fiqure 1 represent the 
number of students wishing to take both the course 
represented by the row and the course represented by the 
column. The diagional elements represent the total 
enrollment in that course and the matrix is triangular; the 


top representing the same informaticn as the bottom 
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The request matrix is, of course, an aggregation of 
student programs. Without this instrument the problem would 
be intractable because of the computing time required to 
test each possible timetable with each student's desired 
program. It must be recognized that information is lost in 
the aggregation, but that other, hopefully smaller, probiems 
are created. An example of this latter difficulty is 
discussed later in the chapter in the context of Multi- 


Section courses. 


The request matrix and the timetable must be 
constructed long before registration. This leads to the idea 
of pre-registration--a concept which has yet to be 
igrplemented at this or many other institutions. To 
facilitate the development of a request matrix some form of 
pre-registration providing a statement of student intentions 
wouid be helpful. Pre-registration, however, has some 
drawbacks such as the difficulty of providing pre- 
registration counselling, a limited number of returns from 
existing students and no returns from prospective students. 
A further drawback is the tendency for students to change 
their requests for courses between the time of pre- 


registration and the time of actual registration. 


To overcome the foregoing drawbacks the development of 
the request matrix offers several alternatives: (1) to 
assume that the returns of pre-registration are a random 
sample and thus represent a true picture of the course 


requests, or (2) by the scheduler identifying conflicts 
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through experience and marking them on the request matrix, 
or (3) a combination of (1) and (2). It is also possible to 
examine the effect of different request matrices based on 


different assumptions about desired student programs. 


Tomea20) 10 Bay: construction of a request matrix for 
1972-1973 in the Faculty of Business, a questionnaire was 
sent out to all students in February 1972. The response to 
the questionnaire regarding course intent for next year was 
poor with only 280 out of 1533 students responding and 85 of 
those peetouding being 4th year students indicating they 


would not be returning. 


The request matrix in figure 1 gives a clear indication 
of potential timetable conflicts between single section 
courses, as well as an indication of possible conflicts in 
multisection courses. figure 2 is a graphic representation 
of the conflicts, that has all single section courses 
offered in 1971-72 listed down the side of the chart. A 
letter is assigned to each course and is used across the top 
of the page to represent the same course. The X's in the 
Matrix Signifies that at least one student wishes to _ take 
both the row course and the column course. Thus an X 
indicates a potential timetable conflict while a blank 
signifies that the particular course ccmbination is conflict 
free. The matrix is triangular because the top half is a 


Mirror image of its bottom. 
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Figure 2 


Conflicts Between Single Section Courses 1971-72 
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If the problem was simply to avoid putting single 
section courses which share the same students in the same 
time block of the timetable the problem would be easier. In 
the example at hand, there are 30 time periods available (15 
first term and 15 second term) and only 23 single section 
courses to be taught. Thus, assigning one section to each 
time slot would avoid all conflicts. If there were more than 
30 single section courses, then it would no longer be 


possible to avoid all conflict. 


There is, however, another type of conflict which 
should be avoided. The assignment of a single-section course 
along with a multi-section course can cause a paucity of 
certain types of students in the multi-section course. fFOor 
example, if a single-section accounting course conflicts 
with one section of a multi-section course, there will be no 
accountanting majors in the latter section. This is not 
necessarily of concern but may be undesirable in some 
situations. The intrceduction of multi-section courses into 
the system causes the problem to become increasingly 


complex. 


With multiple section courses it becomes impossible to 
trace the conflicts which might occur in a particular 
student's program because this information has been 
aggregated into the request matrix. Certain courses may have 
several sections each, yet it may not be clear even after an 
examination of the timetable, whether conflicts actually do 


exist for individual students. It is generally not 


wi i ue wy _ _ 
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necessary, to assure individual program feasibility, to 
offer all sections of a multi-section course at different 
times from those of another multi-section course, even if 
the reguest matrix shows that a number of students want to 
take both courses. In fact, it is usually impossible to 
develop a timetable which avoids all conflicts for all 
multi-section courses. On the cther hands using individual 
student programs to test the timetable is not feasible 
because of the computer time involved; so on practical 
grounds the request matrix route seems the best way to 
structure the problen. 


Reasons for Undertaking this Research 


There has been no lack of theoretical research done on 
class-teacher-timetabling problems, but our investigation 
has disclosed that there has been a dirth of practical 
usable research on this problem. The problem itself is an 
important one because every year each department of every 
academic institution must create a timetable. Each year a 
workable timetable is generated, usually by hand for each 
institution, yet no widely acceptable computerized method 
has been uncovered. Many systems eave been developed to 
construct a timetable but either because the research over 
simplified the real problem, or because there is a lack of 
computing power available, or both, these methods are not 


usable. 


It was the lack of computer success with practical 


timetabling tools and the characteristics of the class- 
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teacher timetabling problem, as well as other kinds of 
timetabling problems, which led to the focus on university 


timetabling. 


As stated earlier the purpose of this research was to 
develop a computer program which would aid the human 
scheduler in the creation of a workable timetable ina 
shorter period of time than previously required. In order to 
achieve this end the FRED (For the Reduction of Education 
Dirtywork) system was developed. It is a heuristic computer 
program which aids the scheduler in the preparation of an 
acceptable timetable in a reduced amount of time. The system 
allows the scheduler to sit at a terminal and interact with 
the computer in developing and improving his timetable. He 
is able to modify an existing timetable and check for 
conflicts and continue modifying the timetable until he is 
satisfied that it is one which will provide a working 
solution for the coming year. Hopefully with FRED this 
timetabling development process will take only a part of a 
day rather than the several months of part-time activity at 


presently requires. 


The system was designed in such a way as to take into 
consideration two computer aspects . First, the computer at 
the University of Alberta is an IBM 360/67 under MTS 
(Michigan Terminal System) which makes terminal use 


economical and advantageous . Therefore, it was decided to 
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produce a system which would be developed totally by using 
on-line facilities such as the IBM 2741 typewriter terminal 


or CRT display screens. 


Secondly, PL/1 is an excellent language for handling 
character data programming problems with its use of 
structures and storage allocation. It was not clear how 
efficient or convenient PL/1 would be used solely as a 
terminal language. Therefore some examination of its 
effectiveness was required and is described more fully in 


chapter four. 
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Chapter 2 
The Present Timetabling Procedure for the Faculty of 


Business at the University of Alberta 


This chapter is devoted to a description of the 
timetabling procedures used by D.A. McGeachy, assistant to 
the Dean of the Faculty. These procedures are not 
necessarily those used elsewhere, nor are they necessarily 
the best non-computer methods available. 


Preparation of the Initial Timetable 


ss —— 





In the Faculty of Business Administration there are 
five Area Groups (Economics, Organzational Behavior, 
Quantitative Methods, Accounting and Finance); each Area 
Group has as its chairman an Area Co-ordinator. These Area 
Groups are tesponsible for all matters pertaining to that 
subject area including the assignment of professors to 
courses and the determination of the number of sections of 


each course. 


From each Area Co-ordinator the Scheduler receives a 
list of courses that are to be taught by that Area-Group in 
the coming year. Along with the name of the course, the 
number of sections of each course is supplied. In order to 
obtain the number of secticns an estimate of course 
enrollment is made and divided by the desired class size. 
This estimate is derived from past history and any 


indicators the Area Co-ordinators feel they can rely upon - 
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however it should be made clear that no formal attempt is 


Made to obtain information from the students. 


Starting with a blank timetable ali muliti-section 
courses are assigned to time periods with an attempt to 
maintain the ratio of 1 in the morning to 1 in the 
afternoon, randomly distributing the courses throughout the 
week. For example a course may have 2 sections. One might be 
scheduled MWF 10:00-10:50 and the other TT 2:00-3:30. When 
all multi-section courses have been assigned the single 
section compulsory courses are placed in the middle block of 
the day  (ise., 11:00-2:00). and ali single section non- 
compulsory courses are assigned where they fit into the 
instructors' schedules and so that they do not appear to 
cause student conflicts, subject to the intuition of the 
Scheduler. With regard to the number of concurrent courses a 
balance between time blocks is sought as well as a balance 
between the number of courses each term. If the Faculty of 
Business fails to assign enough 8:00 o'clock classes the 
Registrar will modify the timetable because there are not 
enough rooms to hold all classes at good times and the poor 


times should be distributed equally amoung faculties. 


Out of every 4 courses that are scheduled one should be 
given a “poor time" as defined in Chapter 1. By following 
the rule of a1 to 3 ratio, the timetable has a more even 


distribution of courses per time period. 


The timetable is produced long before faculty 


recruiting is complete. Thus the timetable is designed on 
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the assumption that the recruiting will be successful. If at 
a later date the Faculty discovers that some prospects will 
not be joining the staff then changes will have to be made 
to some courses. The preparation of the timetable to this 


point takes approximately 1 1/2 man-days. 


Next the timetable is checked by hand in an attempt to 
search for any discrepancies that will prevent students from 
taking the desired pattern they have developed. This 
checking is done by consulting a conflict matrix prepared by 
hand which shows all the courses being offered in one time 
period. The Scheduler then matches each course with each 
other course and determines by intuition whether or not 
these courses should be offered concurrently. Due to the 
fact that no student requests have been obtained, this 
conflict checking can only be a gross approximation based on 
past experience, and estimates about the coming year. Also a 
human checker is never perfect and a conflict could easily 


go undetected. 


The timetable is then sent to the Registrar of the 
University, who inspects it for conformity to the 
University's Administrative rules of timetabling which 
comprise some of the constraints in Chapter 1, and assigns 
rooms to each course section. This is done on a first come 
first served basis so if the faculty wishes to obtain frooms 
in a certain building it is essential to submit the 
timetable early. The timetable is then returned to the 


Faculty. 
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Following this, the Area Co-ordinators submit lists of 
courses that each professor in their Area Group is to teach. 
No times or sections for each professor are indicated at 
this point. McGeachy then assigns professors to the sections 
in the prepared timetable. It is desired (although 
unofficially) that a professor teach no more than 4 days a 
week and that each professor must take one undesirable time 
out of four. Each professor has certain preferences for 
teaching times (or in some cases times that he is available 
to teach) and each tries to influence the Scheduler in order 


to obtain his desired timetable. 


Therefore after the assignment of professors to times 
and sections the timetable is complete. It is typed and 
distributed to the faculty members for comment. It is common 
at present to continue to make changes to the timetable for 
several months (one year 15 revisions were made) and well 
into September and registration week. Reasons for these 
changes vary from the professor's desire or preference for 
times; his lack of availability; room size (too many 
students) or room acoustics. It is rarely changed because of 
student conflicts since these were avoided at a prior step 


in the process. 





There are two main advantages to developing the 


timetable using the present system. 
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The first advantage is the flexibility that the human 
Scheduler brings to the development of the timetable and in 
dealing with modifications of the timetable. The human 
Scheduler is aware of the preferences of the staff; all the 
constraints imposed by Students, Faculty and Administration 


and he is able to make value judgments . 


Secondly the system is relatively inexpensive, costing 
only 1 and 1/2 man-days at $75.00/day (approx.) to create an 
initial timetable and several man-days of time spread over 


Many months, to make the modifications requested. 


Under the present system it is not necessary to clearly 
define the objective of timetabling or state clearly the 
problem. Only when defining the bounds of the problem for 
computerization is a formal specification required. This 
causes the objectives not to be totally met nor the 
constraints to be totally binding. Thus one disadvantage of 
the present system is that no attempt has been made to 
produce a formal set of objectives, constraints and 


parameters required in developing a yearly timetable. 


Secondly, once the timetable has been formalized the 
checking procedure to determine conflicts for both students 
and faculty is pooriy defined and allows errors to pass. 
This is not a criticism of the Scheduler, for the task of 


ensuring all conflicts have been dealt with is time 
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consuming and inevitably some conflicts pass without 


discovery. 


Thirdly, very little of the present input to the system 
is concerned with the students. Most input concerns facuity 
and their preferences, and administrative regulations set 
down by the Registrar's Office. Furthermore, the request 
matrix is only a "guess" as little information regarding 
students has been obtained or included. Following from this 
is another weakness. The number of sections for each course 
is determined by “estimated enrollment." If the number of 
sections is incorrect a large amount of shuffling is 
required to remedy Phen situation. Too many sections and 
insufficent students leads to small sections or a section 
with no students. The converse leads to overcrowded rooms 
and poor teaching conditions. However errors in enrollment 
estimates are common. Until better information can he 
gathered and used this guessing will lead to problems in 


sectioning of courses. 


In conclusion the weaknesses of the present system are 
lack of clearly specified objectives, constraints, 
parameters and scheduling procedures, poor checking 
procedures, little consideration of student desires and poor 


estimates of future enrollment. 
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Chapter 3 


The State of the Art. 


The Algorithmic Approach 


ee a we se = ——_ 


One approach to solving the class-teacher timetabling 
probiem is to use a mathematical algorithm and a computer to 
generate a solution. Among existing algorithms one finds 
many management science/operations research technigues such 
as linear programming, dynamic programming, flows in 


networks and critical path scheduling. 


The appeal of the algorithmic approach lies in the 
desire to create an optimal timetable - which is what these 
O.R. tools are designed to do. However, on closer 
Grant natian it is hard to decide how to measure the 
optimality of a timetable. One could optimize from the 
student, professor or administration point of view and 
within each catagory there are many obvious objectives to be 
optimized. A combination of the three points of view could 
be used to optimize the timetable with weighted objectives 


comprising the overall criteria. 


The first major work that was done on an ailigorithmic 
approach was by C.C. Gotlieb! in 1963. Gotlieb's work 
matches a requirements matrix against an availability vector 
and through successive iterations of his algorithm a 
feasible solution is found. This method is useful for an 


educational system where one set of students belongs to the 
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same class irrespective of what subject is being taught. 
This system results in a relatively simple scheduling 
proklem because of the elimination of many different 
individual programs. The university environment, however, 
makes necessary the use of an individualized program for 


each student according to his desires and needs. 


Gotlieb's work led to further study of the algorithmic 
approach and in 1965 a Swedish operations researcher named 
Bert Greko2 formulated the timetabling problem expressed as 
a flow through a network. Greko chose a model because from 
his experience in industrial planning he felt that this tool 
was not only useful for producing feasible and optimal 
schedules but also helps clarify complex problems to non- 
Mathematicians. Greko regarded the total system of the 
schooi scheduling problem to be combinatorially large and 


unstructured. 


A network is a mathematical respresentation useful in 
allocating scarce resources to various competing activities 
in maximizing benefit or minimizing cost. The network 
consists of a series of points called nodes which represent 
the various activities and a series of arcs which "join" the 
appropriate activities. These arcs control the allocation of 
resources to the activities by specifing a maximum and 
minimum quantity that can be allocated to each node and a 
cost associated with the use of that resource for _ that 
activity. For a more detailed discussion of networks see 


Oystein Ore3 "Graphs and Their Uses". 
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In Greko's model there are five types of nodes. Type 
one are "elementary groups" which is Greko's term for unique 
combinations of courses that a student can take. The second 
type of node represents the teachers - one for each teacher. 
The third type is the periods that the teacher could teach 
in and the fourth set of nodes is the courses taught in each 
period. The fifth set represents the courses taught by the 
schook - one node for each course. For a picture of Greko's 
network see figure 3. Greko's model was run for a high 
school of 188 students and 35 teachers. Each student must 
select 1 course from each of 4 groups of courses. This 
substantially reduces the number of combinations available, 
rather than the university situation where a student may 
chocse 10 or more courses from all those available. Greko's 
model can ke used to describe the university situation but 
the size of the problem is enormous and the cost of 
obtaining a solution prohibitive. It is not unreasonable to 
believe that the Faculty of Business has 500 unique patterns 
(a pattern represents a group of courses which a student is 
taking) each of which has 10 courses on the average. 
Therefore the number of nodes and arcs required to formulate 
ie Greko network is horrendous and the man-hours required to 
formulate the data and the computing time required to 
complete such a task makes the implementation of this method 


infeasible. 



















Phe v 
7 7 
aqyt ew@hive 
j i - 
7 ; wae 
: sietao 162 GWi189 So 42st SE desdah ‘Magoo 
i , e 
bt oes i}. .@98F aan ‘epee & ten? asatvoo Bob 
' A 
‘ O37 ivd¢a oF io - aa 7a 7 + @2 : 
ie HAVO? 9697 23 FBN9 2 4 
Si tipbed ae2itioD sad BL aeaboo to 3 dtcenies z 4aty 
twoD edy 2tneesiass tea: deat Sege «bos 
"ORG TH O 9TEIIGG O% .2817U09 nOf9 TO) Sen Bio) = Lootaa 
= 
, , ky W ae i y it tz grr 
a). i 
Gieioses cf fas 2atashuta BOF Fo foe 
~ | y ik: 14700 Sqvoup iJ paw) ‘tal em ahh f sai hel 
Sliniisvs 2horsr limon JO yadeun edt eesupes vite! saebadoa 
; i] P 5 a3 rs ' bs in) f LS Lf ; 4 > ohe Ls Vf ‘ if aiz uh We i all 
' ' { [ ’ - “ee f P 
Wet) .ofdealls sactt Bie s 2927000 e268 to OF exact 
tin colsapr4e rageving & ee arent ts > bose ed. « Ged 
a>) FBO e097 Ti G JOH fom ' ie LOO od to sia aan 
a 
3 sof 59> ji on Se 24 wav roi O7tg Be hae 0 oneness no 
ai jeltTeg aulmin i aad auaeciad ’ VILUSES ‘ad 3 Basia swan id Pigs 
: 2 
2 ishwea 5 £19 2hlecnos 3 & Atneeeapgos sal J 
7 eo . SCAITSVE Sat ao 2a27 005 ‘iy i fa pig a0 t5s> (rind , 





SPIEL HO4O? AT Hethitipsy afids hak eohor to asd aut ae 






a (persduigen tus 4" Ree has sveha>anon, St ch touton ots 


‘ inated amity gaxtuaeos, add) hee 
ead im ob se Had 1. amt 





24 








OVO? Veiv =FIASAS/7 VIOOW SOVFIYD 

~) O=MoOo7 WNOS%S MAOMLI/V 
LO bAL LSTOWN 2) ren &E 27 

G at ae PIN OPP L & Son BOS : 

B ee 


2 sevzorss ? 


LIGNIIONNI THLAL eo a 
YISS7 ZF (MOP @) : : 





COWS RS LAPT OL ) 
SASSISIOD Co) 


SAPAI OPRL 


[22% ISS 
O-/4o7 


mo SGN 
PINIDOFTL 





ISHMOD NWI 
LNINAIOSANT =f FAS/7 
Omer 





i 
yn” 4d J ol / WH#HAAS SATOYOD 


4 GWexId LHDIMVL 
SISYMOP © at : 3? m AMILNINPIF 
d 
pnt me 
g? 1 


a: a = 
hewn 
aia ro SNARES, 


hs . ee > 


7 Wa 4 


“3 = ste 
- , 
s° 


oe ane 


- 
-*. " 
_Seenenee 





Fabs: 


In 1970 Dominique de Werra% of the University of 
Waterloo described the timetabling problem as a bi-partite 
multi-graph which is partitioned into sets. The simplest 
form he describes consists of two sets: C (classes) and M 
(teachers), where class C must be assigned to only one 
teacher in the set of M. de Werra says this procedure has 
been used tc construct timetables for Swiss schools with 


about 50 classes and 80 teachers for 35 periods a week. 


Combining the work of de Werra, and Maher*56? a new 
network medal was designed to reduce the amount of data 
required; this model applies to the non-fixed class category 
of timetabling problem. An Out-of-Kilter® algorithm was 
formulated (see figure 4) which represents constraints as 
described in chapter 1. An out-of-Kilter algorithm is one in 
which the sink and source are joined and the flow into the 
sink equals the flow out of the sink to the source. Thus no 


node retains any resource. 


Starting from the source the first set of nodes 
represents courses which are tc be taught, one node for each 
course (i.e. Accounting 202, Accounting 204, etc). The arcs 
connecting the source and these course nodes represent the 
maximum number of sections of each course. For example if it 
is desired to teach a maximum of 8 sections of Accounting 
202 then that would be the are capacity. Usually 8 would 
also be the minimum because in fpractice the number of 
sections of a course is fixed for the purposes of 


timetabling. 
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However this need not be the case and the minimim and maximum 
arc capacities could be different thus leaving the decision 


on the number of course sections to offer to the algorithm. 
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The second set of nodes represents professors. The arcs 
leading from the course nodes connect with each professor 
who could teach that course. The capacity of the arcs are 
the minimum and maximum number of sections which each 


professor is required to teach during the coming year. 


The third set of nodes in the network is marked terms, 
and represents the terms which these course sections could 
be offered. Each professor might teach a section in each of 
the two terms and therefore the arcs go from the professor 
to the term nodes. Because there are 2 terms there are twice 
as many term nodes as professor asSignment nodes at a 
maximum. The capacity of the arcs connecting these nodes 
represents the minimum and maximum number of course sections 


each professor could teach in that tern. 


The fourth set of nodes (time periods during the work) 
is the key set and has a weighted value function associated 
with it. It is the sum of weighted flows through these nodes 
which is to te maximized. Each professor has 30 nodes, one 
for each time period in each term. All the course sections 
assigned in the network to a certain professor are connected 
by arcs to the professors' time blocks, those first term 
courses to the first fifteen time periods, those of the 
second term to the last fifteen. The capacity of the arc is 
a maximum cf 1 because of the constraint which says that a 
professor can only teach once during any time period. fhe 
mimimum capacity is 0 which indicates that the course 


section in guestion need not taught in any particular time 
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periods. 


The fifth set of nodes represents the maximum number of 
sections which can concurrently be taught in any time 
period. There are 30 of these nodes and all course sections 
taught in time period 1 first term are connected to node 1. 
The maximum capacity is equal to the maximum number of 
courses desired. The minimum capacity represents the fewest 


number of courses to be taught concurrently. 


The arcs leave the maximum class node and flow to the 
sink. The sink has an arc connecting it to the source thus 
creating an Out-of-Kilter network. In order to establish 
this network it is essential to know how many sections are 
offered. This Out-of-Kilter network reduces the data 
requirements for a computer run well belcw that required for 
the Greko model, but it still requires a sizeable amount of 


effort to get the data into a suitable form. 


The Out-of-Kilter model can be made to account for the 
tetal load for each professor if one is willing to assign 
professors exactly to course sections and thus give up some 
generality. However, we have not been able to insert the 
notion of avoiding student program conflicts into ti model 
even theoretically, and if we could, the problem size would 


be overwhelming. 


An additional drawback in the solution of the 
timetabling problem by network flows is the necessity for 


integer solutions. Since Out-of-Kilter networks are a subset 
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ef linear programming problems there is no guarantee that 
the solution will be integer. In the timetabling problem a 


non-integer solution is meaningless. 


In order to obtain an integer solution Swart? developed 
an integer programming model for imbedded unimodular 
constraint matrices. Swart defines his model: 

"... the constraint set of the course scheduling 
problem can be partitioned into two sets, one 
possessing the unimodular property. Furthermore it 
will be shown that there are, in general, three 
different manners in which the constraints may be 
so partitioned. These will be denoted by the SIP, 
the MIP, and the LIP, partitioning schemes 
respectively." 

Swart runs all 3 schemes on a small medium and large 
timetabling problem. The results of his efforts are 


presented in figure 5,6 and 7. 


It can be seen from figure 7 that his largest problem 
contains 400 variables. A variable in this context is X = 1 
if course j is taught in line period i; 0 otherwise. This 
would imply 40 courses offered over 10 time periods. At the 
University of Alberta Faculty of Business there are 103 
courses offered in the 1972-73 winter session and 30 
possible time blocks. This gives 3090 variables and causes 
the problem to be unnantqend es If by "course" Swart means 
"section" as defined by this University then the number of 
course-sections would be closer to 200 and would yield 


approximately 6,000 variables . 


Not only does the problem size under Swart's 


formulation present computing difficulties, but there is a 
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theoretical problem as well: Swart must indicate as part of 
the constraint set which courses (or course-sections) must 
not be offered at the same time, but in the case of multi- 
section courses it is not possible to do this, and so the 


method fails. 


We have presented examples of the best algorithmic 
models available. The only one which accurately captures the 
problem is Greko, and as noted above, both the amount of 
data and the computing time required, and the cost, make 


this approach impractical. 
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Figure 5. Summary Presentation of Problem One with Solution Times 
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Original intezer programming formulation: 30 variables 
46 constraints. 


Figure 6. Summary Presentation of Problem Two with Solution Times 
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Figure 7. Summary Presentation of Problem Three with Solution Times 
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No optimality achieved > 60 min 
No optimality achieved > 60 min 
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Original integer programming formulation: 400 variables 
340 constraints. 
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Heuristic Models 
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The other approach to solving the timetabling problem 
is by use of heuristic methods. The key work done in this 
area was initiated by Mary Almond at the University of 


London. 


The Almond method considers the problem as a three 
dimensional matrix which represents a blank timetable (see 
figure 8) and proceeds by selecting entries from the 
requirement matrix one-by-one and allocates it to a suitable 
time and lecturer to satisfy the complex conditions of 
timetabling. If any allocation fails some conditions are 
changed--the timetable is wiped clean and the whole process 
started all over again. This method was used to develop a 
timetable for the Mathematics Department and Science Faculty 
of the Queen Mary's College at the University of London. 
Individual student requests are not considered at all. The 


computer program was written in ALGOL. 


In September 1971 Edward F. Smith!9° built a four step 


computer package that 
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implemented the Almond Aigorithm for St. Laurence college in 
Ontario. According to Dr. Smith the program functions 
adequately for a small college, but the program has not been 
tested under the differing conditions of the university 
environment. The computer program runs on batch processing 


and is written in FORTRAN. 


As reported by George Newfeid!1, Elizabeth Barraclough 
also developed a heuristic program for creating a timetable 
which was designed for a small grade-school; it would not be 


appropriate for university timetables. 


In conclusion the underlying idea in developing a 
heuristic approach to timetabling is to create a master 
schedule which eliminates conflicts for the faculty and 
reduces to a minimum the conflicts for students. In order to 
achieve this goal the methods assign courses to a blank 
timetable until infeasibility is reached, then the courses 
are re-arranged. It appears that less effort has been spent 
on research on improving the heuristic method than has been 
spent on the algorithmic approach. 


Algorithmic vs Heuristic 


The advantage of an algorithmic approach is the 
development of an optimal timetable. The use of electronic 
computers makes available tremendous amounts of computing 
which unfortunately do not seem sufficient to solve the 


problems which are faced by academic schedulers. 


The Heuristic approach does not attempt to find an 
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optimal solution but rather a feasible and satisfactory one. 
To date, though, most heuristic methods have involved some 
method of trial and error which can prove very costly with 
computer time and may or may not generate a feasible 
solution. 


Timetabling work done by A.G. Holtzman 


Perhaps the most comprehensive work on the timetabling 
problem was done by A.G. Holtzmant2 at the University of 


Pittsburgh. 


Holtzman examines a wide range of aspects of 
timetabling from optimization to heuristic methods. His 
objective is to develop a new tool for timetabling without 
considering any of the present systems. The work done is 
comprehensive and well documented, but by his own admission 
more research is required before actual implementation. [In 


spite of this, 
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40 
Chapter 4 


A Man-Machine Interactive System in a Heuristic Program for 


University Timetabling: The FRED Systen. 


In most timetabling research conducted up to now 
computer programs written to utilize a heuristic model have 
required the formal specification of the heuristics desired. 
This specification is necessary to be able to formulate a 
computer program which will produce a final workable 
timetable without requiring further human modification. As 
has been noted in Chapter 2 it is not always possible to 
express verbally an intuitive process such as how to 
er eeecir ses when a conflict arises. In cases where 
formal specification of the heuristic is not possible 


programming the timetable is not possible either. 


As is pointed out in Chapter 3, the present heuristic 
method of developing a timetable is to assign courses one- 
by-one until a constraint prohibits the assignment of 
another course. At this point the inputs to the program are 
reshuffled; the slate or timetable is wiped clean and the 
one-by-one assignment is repeated in a different order. The 
differences between the several heuristic programs which are 
available is the method of reshuffling the input data. It is 
clear that this type of heuristic is not a true description 
of the way a person develops a timetable. If the human 
timetabler was to perform a heuristic he would not follow 


such a “sledge hammer" approach. Therefore even when 
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heuristics are specified it appears that so far they have 


not been adequately duplicated in a computer program. 


The idea for a terminal interactive system was derived 
from A.C. Brewer! who developed an interactive scheduling 
system to allocate tasks for the Manned Space Flight Center, 
NASA. Brewer's system (Computer Assisted Network Scheduler, 
CANS) supports both manned and unmanned missions for NASA up 
to one year without conflict. The interactive systen 
provides the ability to modify and observe actual or 
Simulated changes. It enables NASA to ask the question "what 
if", The theory behind the present research is that if it is 
costly to include heuristics in a computer program, and when 
this is done it is not a true description of the real world, 
then the heuristics should be left to the man. This goal can 
only be achieved by using an interactive on-line computer 
system so that the man interacts with the computer as the 

rogram executes. 


P 
The Man's Role in th 


In the FRED scheduling system the human Scheduler is 
asked questions by the computer program. Due to the facts 
previously discussed, it is easier for the man to develop a 
heuristic timetable than tor the machine and so that is his 
function. The molding, shaping and development of the 
timetable is left entirely up to the Scheduler. He makes all 
decisions. Thus he has the ability to modify, change, 
rearrange or even Change his mind about the approach to the 


problem without totally destroying all work and thought put 
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into the system. 


Because of the complex set of constraints which the 
timetabler understands he is able to make quick evaluations 
as to the acceptablity of a certain timetable. For reasons 
which might be obscure, involved and hard to program the 
human Scheduler can accept or reject a timetable the 


computer presents to hin. 


The man in the man-machine system performs all the 
tasks associated with most of the clerical tasks and the 
computer's task in the FRED system is to arrange the data 
and display to the human the pertinent information at that 
instant. It allows the Scheduler to perform any desired task 
With regard to the timetable: FRED does not make any 
decision with respect to what is best. The computer does 
give an evaluation of the proposed schedule, in terms of 
number of student conflicts or potential conflicts, and thus 
gives the sheduler some notion of the progress he is making. 
No evaluation of professor preference or administrative 
preference is made, however, the scheduling of a professor 
for 2 classes at the same time is avoided. Therefore, any 
timetable derived by the system is feasible for all 
professors. In addition, data organization, manipulation and 
maintenance is handled by the computer. Thus we have 
obtained the best effort from both parts of the System. 


to the FRED System 
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As with the hand generated method much information is 
required about faculty desires. A list of all courses 
offered (courses can be offered but not taught) by the 
faculty are inputed along with a numeric code for each 
course. For example ACT202 is a course and its code is 001 
while ACT204 is another course whose code is 002. Secondly a 
list of all Professors and their numeric codes is inserted. 
Professor ABRAHAM is 01. Professor names are only 1 word, 
usually the last name; in the case cf two faculty members 
with the surname of Jones (for example:Peter Jones and Ken 
Jones) the names are written as PJONES and KJONES or PETER- 
JONES and KEN-JONES, etc. It is essential that on every 
successive mention of that faculty member that it he 


referenced in the same manner. 


It is common for the timetable to be made up long 
before faculty recruiting is complete and therefore some 
professors are tentative or unknown. The FRED system is 
capable of handling such occurrences. For example, if 15 
prospective faculty members are to be scheduled into the 
timetable their names could be used or such pseudo names as 
NEWPROF1, NEWPROF2 can be used. Any number of professors can 


be inserted. 


The third input is a version of a timetable. This need 
not be complete but may have as many course sections as have 
been determined. A null timetable is also acceptable thus 
allowing the Scheduler to start from scratch. The 


information required on input is: 
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a) The six digit name, e.g. ACT202 

b) The section number, e.g. B21 

c) The Term, €.g. 1 

d) The Starting Time, e.g. 8:00 

e) The Ending Time, e.g. 1420 

f) The Day(s), e.g. MWF 

g) The Professor, e.g. Winters 

h) Estimated Enrollment, (not necessary) e.g. 23 


I) Sequence Number, e.g. 30 


The Sequence number is a number assigned to a course by 
the Registrar, according to time period and number of 
sections. A single section course is given the sequence 
number 10 or 11 and multi-section courses have numbers of 20 
cr greater. The sequence number is used to determine whether 
a section is a single section course or one section of a 


multi-secticn course. 


The FRED system then loads the timetable into memory 
using the 16 standard time blocks (see table 1). No matter 
when the course starts or when it ends the program will 
assign it to one or more of the standard time blocks. If a 
course takes cnly a portion of a time block, for conflic- 
checking purposes it appears that the entire time block is 
being used. Thus, two successive courses scheduled in a non- 
standard manner might spuriously appear to be in conflict, 
G2gen COUurse A from 14:309f0) 15:30 and Course B from 15:30 
to 16:30 both occupy the standard time block 15:00 to 16:00. 


Such a problem arises rarely. It would have been possible to 
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divide the week into shorter periods (half-hour for example) 


to avoid this problem, but prevailing University custom uses 


the standard time blocks, and in similarly using them the 


data and programming requirements for FRED were greatly 


eased. 
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Table 1 


Standard Teaching Time Blocks at the University of Alberta 
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The fourth anput) as . the ,"Request-~Matrix." Here the 
FRED System differs from the present manual system in that 
information about students is used directly. This matrix 
gives the number of students wishing to take both Course A 
(cow) and Course B (column) of the request-matrix. No 
attention is given to sectioning. The diagonal of the matrix 


is the total enrollment in that course. 


In order to obtain information for 1972 - 73 a pre- 
registration questionnaire was sent out but very poor 


response was oktained (see figure 9). 


If pre-registration is impossible or quite incomplete 
then the human Scheduler must make estimates of courses in 
conflict. He can do this in two ways. Either he can make 
estimates of the actual number or he can use 1 to indicate a 
potential conflict and 0 no conflict. The other alternative 


is to use last years' request matrix. 
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FIGURE 9 


PRE-REGISTRATION QUESTIONNAIRE 
UNIVERSITY OF ALBERTA 


' FACULTY OF BUSINESS AD'IINISTRATION AND COMMERCE 


All Students. 


Christian T.L. Janssen, 


Associate Dean. 


DATE: 


PREREGISTRATION QUESTIONNAIRE 


In order to complete the timetable we would like to know the courses 
you plan to take next year (required and optional courses, as well as any you 
intend to repeat). 
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February 10th, 1972. 


Most courses to be offered next year can be found in the current cal- 


(Next year's calendar is not yet available). 


: We will regard your answer as an expression of interest and you will 
not be held to it should your intentions change over the sunmer. 


WOULD YOU PLEASE COMPLETE THE QUESTIONNAIRE BELOW 





SLAY 


(Surname) 


Brae &= 


(Given Names) 


PLEASE CIRCLE THE COURSES YOU WISI TO TAKE 


Course Code 
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The Functions of the FRED System 





In order to provide an aid to the human Scheduler the 
FRED system has been designed to perform the following 
functions: 


I. LIST THE TIMETABLE 


The system is able to produce a timetable which is 
printed in a format that is acceptable for distribution. The 
entire timetable can be produced or listed by course or by 
time block. 


Tis CHECK FOR CONFLICTS 


The routine checks all time blocks and inspects for 
conflicts between any two single section courses and refers 
to this as a direct conflict. If there are any students 
wishing to be in both sections then a message is printed on 
the terminal informing the Scheduler that such an occurrence 
has happened. The other type of conflict is called 
"indirect" and cccurs when a single section course and a 
multi-section course are offered at the same time. If there 
are any students wishing to take both courses a message is 
again generated. Note that no other action is taken by 
FRED:it simply informs the Scheduler that such conflicts do 
exist. 


III. LIST THE PROFESSORS! TIMETABLE 


The FRED system will allow for the production of 


timetables by professor. Either a complete list of all 
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professors can be produced or only timetables for specific 
professors at the request of the human Scheduler. These 
timetables are printed in two columns, one for the first 
term and one for the second tern. 


IV. DELETE A COURSE SECTION 


This routine allows the deletion of a course section 
from the timetable. 


V. CHANGE A COURSE SECTION 


For any course section the Time, Day or Term can be 
changed and the course will then be placed in the 
appropriate timeblock and removed from it's present 
location. Thus the entire timetable can be shuffled around 
by using the change routine and a completely new timetable 
generated. This allows the Scheduler to ask “What If?" and 
see what effect certain combinations of classes wiil have. 


VI. REASSIGN A PROFESSOR 


The only item that was not changed in the CHANGE 
procedure was the professor who was teaching that course 
section. This routine is able to perform that function. It 
allcws courses to be taken away from professors and assigned 
to others in order to build a timetable which reyes even 
teaching load distribution. 


VII. INSERT A COURSE 


This routine allows the insertion of a new course or 
section which is not already included in the timetable. 


However, this course must already exist in the list of 
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courses provided for in the request matrix. The same 
information is required here as was required when initially 
reading the timetable to start the progran. 


VIII. SAVE THE TIMETABLE 


After modifying the timetable for a while the human 
Scheduler might not wish to continue but would like to 
retain the work he has already done. This is provided for by 
the SAVE routine which writes out the modified timetable as 
well as stores it in file to be retrieved at the next 
session. He can also have intermediate solutions in case 
modifications of them do not prove fruitful. 


IX. MODIFY THE REQUEST MATRIX 


The FRED System also provides the ability to modify the 
request matrix should some new information become available 
to the Scheduler. This routine allows the changing of the 
value of the elements in the request matrix which would 
permit sensitivity analysis in the scheduling problem. It is 
important to note that these changes are only temporary and 
are not maintained once the user has signed off the system. 
Thus these changes must be made at each successive sign-on, 
but such temporary modifications are possible (a feature to 
save the modified request-matrix could easily be built). 


xX. STOP 


The final routine allows the user to sign off in the 


nornal manner. 


Thus the ten routines allow the human Scheduler 
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complete flexibility in preparing the timetable. By 
selecting the routines he wishes he can modify the timetable 
until he has a version which he deems suitable, at which 
time the total timetable can be saved and printed. 


P1/1 As a Source lanquage 


In programming the FRED System a source computer 
language had to be chosen. Because the problem consists 
primarily of character manipulation FORTRAN was ruled out as 
being inefficient. COBOL, on the other hand, is not well 
Supported at the University of Alberta and is suspect as a 
terminal Language. Also it does not possess substantial 
array features. PL/1 possesses the best features of both 
languages although some investigation was reguired to 
determine the appropriateness of PLy1 to develop a terminal 


systen. 


The advantages of PL/1 are its handling of character 
strings and structures PALL CAE ge the storing of the 
timetable. The array of structures feature was used heavily. 
The disadvantage found was the expense of compilation and 
the length cf time required to compile at a terminal. One 
important feature we added was a routine to screen terminal 
input for errors so that such errors do not cause the 
program to abort. A sample terminal session is shown in 


Appendix I. 
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Chapter 5 


Results of Application of the FRED System 


This chapter is devoted to an examination of the 
applicability of the FRED system to large scale timetabling 
problems in actual practice. To accomplish this objective 
the procedure followed in the creation of a timetable are 
described and an evaluation made of the effectiveness of the 
FRED system. Two specific experiments were performed. First 
the actual 1971-72 timetable for the Faculty of Business 
Administration was entered into the system in order to 
examine the FRED listing facility (timetable print out ready 
for distribution, list of course conflicts, and individual 
professor's schedules). Second a complete timetable was 
built for the Faculty of Business Administration. 


Listing the Timetable 





The existing 1971-72 timetable was read in by utilizing 
cards. This required the punching of 169 cards each with the 
format course name, course section, course term, days the 
course is taught, paging time, ending time, professor's 
Mame, professor's code, estimated enrollment, sequence 
number, and course code. A listing of the complete timetable 
was then requested from a terminal. This required 20 minutes 
terminal time. Figure 10 shows a portion of the timetable as 


printed. 


A listing of course conflicts is provided by the 
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program following a listing of the timetable. This was a 
conflict . free timetable, the request matrix having been 
taken from the actual 1971-72 timetable, and therefore no 
direct conflicts appeared in the listing. There were, 
however, 104 indirect conflicts. Figure 11 presents’ the 
conflicts identified. Most of these confiicts were 
insignificant involving only a few students in multi-section 
courses, but some showed a large number of students enrolled 
in both courses suggesting potentially important conflicts, 
e.g. Marketing 418 with Business 304 as well as Management 


Science 357. 
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FIGURE 10 


SAMPLE LIST OF 1971-72 TIMETABLE 


FACULTY OF BUSINESS ADMINISTRATION AND COMMERCE 


Oem? eel (ME STAB LE 


COURSE SECTION (TERM DAY TIME INSTRUCTOR 
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It was interesting to note that the conflict listing 
brought out that some indirect conflicts regarded as 
inconsequential by the scheduler were in fact very real such 
as the above where a fourth year marketing course overlapped 


with two third year required courses. 


The 104 represents the number of indirect conflicts 
between courses, i.e. courseS with the same participants, 
not the unner of students who had conflicts. This latter 
number could conceivably be just as important as it is not 
apparent which is more serious - several students with a few 
conflicts each, or a few students with several conflicts 
each. The question of establishing a norm of what 
constitutes an acceptable level of these two types of 
conflicts in a timetable is an important one. This issue, 
however, should really be addressed by the Faculty 


administratcr rather than the scheduler. 


Having completed the listing of the total timetable, as 
well as the conflicts identified, the next step was to list 
the timetable by professor. This was done to examine the 
schedule of each individual professor. A typical professor 


schedule is illustrated in figure 12. 


There are two reasons for presenting professor's 
schedules. Firstly, the scheduler needs to consider the 
balance of each professor's load between terms, weekdays and 
hours of the timetable. Secondly, he needs to generate the 


timetable in a form useful for distribution to the staff. 
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Alpe the schedules of scme professors appeared 
unacceptable - imbalanced loads between terms, inconvenient 
hours of the day or too few days free from teaching - then 
the timetable would be modified by “pea of the CHANGE 
routine (see chapter 4). This would also be the case if the 
- level of conflicts were unacceptable, or if the courses were 


imbalanced over the available time slots or between terms. 
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The next phase was to build a timetable. Since the 
complete process of constructing a timetable is quite 
tedious and the purpose here simply is to illustrate and 
test the system the timetable was developed by starting from 
a partial timetable and finishing the task. This was 
preferred to starting at the beginning and carrying the 
illustration only part way through the process. In order to 
quickly reach a partial timetable all the required courses 
for the Bachelor of Commerce degree were entered into the 
systen via cards leaving the optional courses to be 
scheduled by means of FRED. The partial timetable so 
achieved was listed by time period to provide information 
about what time periods were good candidates for more 
courses. This required about 45 minutes terminal time. This 
listing feature takes twice as long as the previous listing 


because more typing is required. 


Havine identified the time periods with room for 
additional courses the non-reguired courses were entered 
into these times. Courses with generally iarger enrollments 
were scheduled first. After a new course has been entered 
the program immediately displays the conflicts created. The 
scheduler can then remove that course, a one of the other 
courses involved in the conflict, from that time period 
using the CHANGE routine. An updated listing of the 


timetable was reguested after about ten courses had been 
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entered to identify additional time period candidates. This 
process was repeated until all courses had been entered. 
After having made the modifications required to avoid 
conflicts or to improve professor schedules the timetable 


was complete. 


It should be recognized that it is much faster to enter 
courses via cards than via the terminal. Hence it is 
Sbderaiagegiicker to enter a complete timetable, whether 
feasible or not, at the outset and use the terminal only for 
modifications. Even if the initial timetable is nota 
particularly good one alterations are easily made as _ the 
CHANGE routine is quite efficient. Thus this procedure would 
be preferred to stepwise creation of a timetable from the 
terminal. 


Overall Considerations 


From the experience gained during the terminal 
sessions, and from discussion afterward with McGeachy, 
several things were learned about the FRED system operating 
under real conditions. First, the FRED system is an economic 
tool for developing a timetable. For a complete run and 
listing the cost was approximately $8.00 (based on $300.00 
per cCPU hour). This is a relatively inexpensive way to 
examine the timetable. Second, information provided is 
helpful <= a current report of teaching loads, an 
identification of conflicts as well as time periods 
utilized. This information was not readily available to the 


scheduler from the manual method. Third, by readily 
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presenting the information needed for the next step the 
system does reduce the scheduler's decision time. Fourth, 
the job can be resumed after a break from the point where it 


was left wihout time lost in getting back to the task. 


At present the system reports only conflicts involving 
single section courses. The conflict feature is therefore 
only valuable as long as there are single section courses in 
the _ timetable. A modification could be made to the program 
to cover also conflicts between multi-section courses. 
However, when providing additional information it must be 
remembered that too much data may be difficult for the 
scheduler to digest and could actually reduce the efficiency 


of the systen. 


For purposes. of practical application some 
modifications in order to personalize the system could he 
made. The FRED system was written for a person unfamiliar 
with the computer. Once a person becomes familiar with the 
system instructions to the user could be considerably 
shortened. Also, if a light-pen anda cathode Cay tube were 


used the process would be more efficient. 


The aim of the research undertaken has been to provide 
a useful aid to the human scheduler in the area of data 
manipulation and timetable checking. The system designed 
provides flexibility to handle timetable modifications as 


well as maintains information for evaluating the resulting 


~ a 
> 
a ; 
} 
we 
ms 
aul ¥ 
. 
4 
‘ 
¢ 
iy 
AIS 


i o7 ie i ort NBests 6 + erte bowie 






bepoon ‘ wohtawa —" 






















2uft AoLars6d 2 xotphowas sth") 


pIizstesp af fant suia\ # 


: _ . = 
2340090 werveve ong snoueng om 7 


_ 


» | Oita to ti panos S209 ao btw inate 
16 > ei (6 OfOd 2B sides tev ab. 


co 


tod) dOtss0L72b6R dh Seen ada 7 
ape waiviod atyiliaos @ade) seven vos 
doktibbs prthiveda) (amie tovevor a 
Yis BFS ‘oom O88 SeaF Be wedasaea ‘a 
a 


— 
" 
ec 
f 
y 
~ 
Ne 


tos bivoo bos Jeepih wed seo tobedos 


Setays od? hoe a 


: 
ot ogee) 
Ps 


Pols it < SEO ‘ OF 


(lanoe3e4 of tebae Be snoiseot3 ison - _. 
7 
: 


; : i — 
Geas7ziwW Sav tdeszeve Thea soit .9b6q 
: a 


oDed qoeisd 6 2900 (aetugnes eff date 


L 


op 4k ad) o¢ giebtouggand astaya 


2005. "82 Shoatas 6 base nSs4-Fiptt BRE youtLa »hesesa0da 








inafotzia sion ad bé gam maemo xe eiz boav 







~ 


a6 ut 





5 


ie Ans shau dogks! 


fri se nal 
wh ie ie sae 


64 


timetable. Additional features can be built in as the 


criteria of timetable goodness evolve. 


Some modification to the system which should be 
considered are the following. Some form of sectioning could 
be implemented to assign students to sections. Also typical 
student course patterns could be identified and a special 
attempt made to accommodate these in the scheduling process. 
A third Lae is that of room assignment, which is currently 
being handled ky the Registrar's Office. The utilization of 
classrooms is an important aspect from the overall 
university perspective. Because there is a finite number of 
rooms of given seating capacities available during any one 
period the timetable must be built under this constraint. 
Proper scheduling to utilize the available classrooms is 
desirable and this aspect could be incorporated into the 
System. At present the Faculty of Business has no control 
ever the assignment of courses to rooms and this aspect was 


therefore left out. 


the system could also be modified to make 
recommendations about appropriate changes that might be made 
to the timetable, e.g., recommendations regarding where best 
to place a particular course. This would remove some of the 
guess work presently required of the human scheduler and 
allow the machine a larger role in the development of a 


timetable. 


The aim of the research has been to provide a usable 


and useful aid to the human scheduler in the area of data 


a) 
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Manipulation and timetable checking, an aid which would in 
fact be used. The FRED system does meet these 
characteristics and it is hoped that the system will find 
favor with the scheduler in the Boney of Business 


Administration and enjoy use in the years to come. 
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AA 


AGAIN 


ANSWER 


B1 


BEGIN 


BEGIN-TIME 


C1 


Cz 


Cc-Code 


C-DAY 


C-ENROLLMENT 


C-MATRIX 


C-NAME 


C-PROF-CODE 


C=SEC 
C-SEQ-NO 
C-TABLE 
C-TERM 
CARD1 
CARD2 
CARDS 
CHANGE 
PROF 

CHNG 
CLASS-DATE 
CLASS-NAME 


CLASS-PER 
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Temporary Work Storage 
Statement Label Constant 


Procedure None 


Temporary Work Storage 


Statement Label Constant 
Variable for starting time of a course 
Statement label constant 
Statement label constant 

Code for a course 

Day a course is held 

Enrollment in a course 
Procedure name 

Name of course 

Code for professcr teaching a course 
Section number of the course 
Sequence number of the course 
Table of ali course 

Term in which course is offered 
Character string input 
Character string input 
Parameter 

Procedure name 

Statement label constant 
Statement label constant 

Day course is offered 

Name of course 


Period a course is taught 
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COL 


CON-TYPE 


CONFL 


CONS 


COURSE 


BS3 


D34 


D4 


C5 


DELETE 


DUMMY 
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ECHAR 


END-TIME 


ENR 


ENROLLMENT 
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Ee 
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Section number of a course 
Time a course is offered 
(8,2) in Prof-Time(*), structure CODE 


Course code 


Column of request matrix to be changed 


Type of conflict 
Procedure name 
Temporary Work Storage 
File, external 
Parameter 

Temporary Work Storage 
Temporary Work Storage 
Statement label constant 
Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 
Procedure Name 

Temporary Work Storage Structure 
Ending Time Block 
Temporary Work Storage 
End time of a course 
Temporary Work Storage 
Enrollment of the course 
Temporary Work Storage 


Statement label constant 
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Eo: Statement label constant 
FCHAR Temporary Work Storage 
FILE-DAY Statement label constant 
FILE-DAY Statement label constant 
FILE-NEXT Statement label constant 
FILE-PROF Procedure name 
FILE-TABLE Statement label constant 
FINIS Statement label constant 
FIRST Statement Label constant 
FIVE Statement label constant 
FOUND Statement label constant 
FOUND Statement label constant 
FCUND Statement label constant 
FOUND Statement label constant 
FOUND Statement label constant 
G1 Statement label constant 
H Label 

- Temporary Work Storage 
11 Temporary Work Storage 
iz Temporary Work Storage 
IALFHA Temporary Work Storage 
LG Temporary Work Storage 

a aL Temporary Work Storage 
LEL Temporary Work Storage 
Tit Temporary Work Storage 
IN-FILE File, externa, record, input 
INDEX Generic, built-in function 
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INVALID Statement label constant 


NC-COURSES Course time 
NC-OF-COURSES Course time 

NC-PROFS Total number of professors on faculty 
J | Temporary Work Storage 
J1 Temporary Work Storage 
J2 Temporary Work Storage 
J4 Temporary Work Storage 
J5 Temporary Work Storage 
J6 Temporary Work Storage 
JUMP Parameter 

JUMP Temporary Work Storage 

K Parameter 

K Time block a course is offered in 
K100 Temporary Work Storage 
K200 Temporary Work Storage 
KK Temporary Work Storage 
KL Temporary Work Storage 
KT Temporary Work Storage 

L Temporary Work Storage 
L1 Temporary Work Storage 
11 Statement laktel constant 
L2 Temporary Work Storage 
L2 Statement label constant 
2 Statement label constant 
L2 Statement label constant 
L3 Statement label constant 


L3 Statement label constant 
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L-CODE 
L-END 
L-TABLE 
LCHAR 
LENGTH 
LINE 

LM 

M 

M1 

MAIN 
MAX-CLASS 
desired 
MESSAGE 
N 

N1 

N2 

N3 
N-PROF 


N-PROF 


Statement 


Statement 


Statement 


Statement 


Statement 


Statement 


Statement 


Statement 


Statement 


label 
lakel 
label 
label 
label 
label 
label 
label 


label 


Listing Code by 


Statement 


label 


Procedures name 


constant 
constant 
constant 
constant 
constant 
constant 
constant 
constant 
constant 
page, etc 


constant 


Temporary Work Storage 


Generic, 


Counter 


course time 


Temporary 
Temporary 
Procedure 


Maximum 


Character 
Temporary 
Temporary 
Temporary 
Temporary 
Professor 


Professor 


built-in function 


Work Storage 


Work S 


name 


number 


string for printing messages 


Work S 
Work S 
Work S 
Work S 
name 


nane 


torage 


of concurrent 


torage 
torage 
torage 


torage 
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N-PROFS 


NAME 


NEW-PROF 


NEXT-COURSE 


NEXTI-P 


NEXT-SEC 


NO+CLASS 


NO-CONF 


OUT 


P-CCDE 


P-DUMMY 


F-HDG 


P-P-CODE 


PHASE-2 


PHASE-2 


FRINT 


PROF 


PROF-CODE 


FROF-TIME-TABLE 


PROFESSOR 


PROFS 


R-L-CODE 


R-READ 


REAL 


READ-C-T 


Number of 
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professors 


Course name 


Statement 
Statement 
Statement 
Statement 
Number of 
Statement 


Statement 


label constant 


label constant 


lakel constant 


label constant 


concurrent classes 


label constant 


label constant 


Pointer to timetable 


Pointer to timetable 


Pointer to timetable 


Professor 
Temporary 
Statement 
Professor 
Statement 
Statement 
Statement 
Professor 
Professor 
Structure 


Professor 


code 

Work Storage 

label constant 

co 

label constant 

label constant 

label constant 

name 

code 

containing professor timetables 


name in prof time table 


File, external 


Statement 


Procedure 


Statement 


Statement 


label constant 
name 
label constant 


label constant 
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Bw 


REAT- PROF 
REASSGN 


KEQM 


REQUEST-MATRIX 


ROW 

Sak 

SAVE 
SEC-ASS 
SECCND 
SECTION 
SELECT 
SEC-NO 
Six 

SM 
SCRI-TABLE 
SOVE 
SPARI-LIST 
SUBSTR 
sw 

z 

ist 

Fz 

13 
T-COURSE 
I-DATE 
Dee iB 

A io il Bol BB FB 


TEMP-CODE 


Statement label constant 
Procedure name 

File, external 

Matrix containing students requests 
Row of request-matrix to be changed 
Starting Time Period 
Procedure name 

Statement label constant 
Statement label constant 
Course section in time table 
Procedure name 

Sequence number of 6 course 
Statement label constant 
Course time 

Procedure hame 
File,external,output 
Statement label constant 
Generic, built-in function 
Temporary Work Storage 
Course time 

Course time 

Course time 

Course time 

Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 
Temporary Work Storage 


Temporary Work Storage 
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TEMP-TERM 
THREE 

ek 

TIME 
TIME- PERIOD 
TIME-TABLE 
TITLE 

TRM 

wus 
TYPE-CODE 
TYPEAGAIN 
TYPEAGAIN 
vc 

NO. 

WC 

course 

WO 

WHAT 

WORD 
WORDS 
WORDS 
WRONG 

X1 

X2 

». 


ZZ 
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Temporary Work Storage 
Statement label constant 
Temporary Work Storage 


Course start and end times 


Procedure name 


Master structure holding timetable 
Course name and section in vc(3900) 
Course term in time table 

Statement label constant 

Statement label constant 

Statement label constant 

Statement label constant 

Vector of course sorted alphabeticaly 
Number of course in VC 


Combination of days available to teach 


Numeric representation of WC 
Statement label constant 
Parameter 

Parameter 

Answers from the terminal 
Statement label constant 
Parameter 

Parameter 

Parameter 


Statement label constant 
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